Introduction
The orange-yellow bile pigment bilirubin IX a (hereafter bilirubin) is the first isolable product of the oxidative breakdown of haem in mammals. It is excreted as its conjugated water-soluble diglucuronide salt with the bile into the duodenum, but hydrolysis in the intestinal tract regenerates free bilirubin, which is subsequently reduced by intestinal bacteria to yield urobilinoid chromogens as the final products. A complex mixture of bile C02Et pigments is excreted in the faeces of healthy mammals. Although the constitution of bilirubin has been beyond reasonable dispute for almost four decades [1] , it is only in recent years that X-ray analyses of bilirubin [2, 3] , mesobilirubin [4] and di-isopropylammonium bilirubinate [5] have clarified the remaining stereochemical ambiguities. These * Reprint requests to W. S. Sheldrick. 0340-5087/79/1100-1542/$ 01.00/0 studies have confirmed the Z-configuration at the methine bridges C(5) and C(15) and allow the assignment of the lactam form to the A and D rings. The tetrapyrrole skeleton takes up a "ridge-tile" con-' hei ical* Itf* 10 10 "rldqe-tlle* 60 60
•linear" {j (y 180 «2^180 "perpendicular" +90 formation (see Fig. 1 ) stabilised by six intramolecular hydrogen bonds ( Fig. 2 ) in bilirubin and mesobilirubin (two sets, each involving a carboxylic acid group, a pyrrole-imino hydrogen and a terminal lactam system) and four intramolecular hydrogen bonds in di-isopropylammonium bilirubinate, in which the lactam C=0 is hydrogen bonded to the cation. This strong intramolecular hydrogen bonding is of considerable biological significance, accounting nicely for the observation that, in spite of its various polar functions, bilirubin is almost insoluble in water. If either or both of the methine bridges in bilirubin were to display the E-rather than the Z-configuration then the compact system of hydrogen bonds observed for the "ridge-tile" conformation could no longer be maintained and the resulting geometrical isomer should be more readily soluble in water. This offers a potential explanation for the increased levels of bilirubin observed during phototherapy in the bile of childen suffering from neonatal hyperbilirubinemia [6] , as the Z-»E isomerisation is known to occur photochemically, and to be readily reversed thermally, in model pyrromethenone systems [7] .
Contrary to the free bile pigment, bilirubin esters (including the naturally-occuring bilirubin conjugates) show high reactivity in reactions involving the central methylene bridge. They are, for instance, rapidly oxidised in air to verdinoid pigments. These differences in chemical behaviour have been interpreted as being indicative of different environments and ipso facto steric accessibility of the central methylene bridge in bilirubin esters as compared to bilirubin itself. A macrocyclic helical conformation has indeed been proposed for bilirubin dimethyl ester on the basis of NMR-spectroscopic data [8] . It was suggested that additional stabilisation of this conformation may be provided by dipoledipole interactions between the carbonyl groups of the juxtaposed A and D rings. As yet no X-ray analysis is available for a bilirubin ester.
It is of considerable interest to establish whether a macrocyclic conformation would actually be adopted by a bilirubin derivative in the absence of intramolecular hydrogen bonding to the propionic acid side chains. Two other potential boundary conformations which may be considered for the tetrapyrrole skeleton are the "linear" and "perpendicular" forms depicted in Fig. 1 .
We report here the X-ray analysis of diethoxybilirubin diethyl ester 1. The N-H protons on N(22) and N(23) in 1 will be expected to form intramolecular N-H -N hydrogen bonds to N(21) and N(24) respectively, as is typically observed for pyrromethene systems [9] . The molecular structure of 1 will, therefore, provide the conformation, albeit in the crystalline state, of the tetrapyrrole skeleton in a bilirubin derivative, for which no hydrogen bonding to the propionic acid side chains is possible.
X-ray Analysis
1 was prepared by the method of Inhoffen et al. [10] . Suitable crystals for X-ray analysis were grown from a pet. ether (40-60°) solution. 1, C41H52N4O6, crystallises triclinic Pi, a= 13.903 (5), b = 17.211 (7), c = 9.831(5) Ä, a = 110.07(3), ß = 111.22 (3), y = 69.04(3)°, Z = 2, Dx = 1.15 gcm-3 . Intensity data were collected on a Syntex P2i diffractometer (Cu-Ka, graphite monochromator, X -1.54178 Ä) in the 6-26 mode for the range 3.5 < 26 < 135.0°. No absorption correction [^(Cu-Ka) = 5.5 cm -1 ] was deemed necessary. After application of the observation criterion I > 2.0<r(I), 3109 reflexions were retained for use in the structure refinement.
The structure was solved with difficulty by multisolution tangent refinement (SHELX-76, G. M. Sheldrick) and refined by blocked full-matrix leastsquares. The ethoxycarbonyl function of the C(12) side chain is disordered. The atoms 0(123)-C(126) and 0(127)-C(130) of the two observed orientations were refined isotropically under bond length constraints. With joint isotropic temperature factors for equivalent atoms, the site occupation factor refined to 0.551(6) and 0.449(6) respectively. All other non-hydrogen atoms were refined anisotropically. Methylene hydrogens were included at geometrically calculated positions and methyl hydrogens refined as part of rigid methyl groups with a tetrahedral geometry. The imino hydrogens on N(22) and N(23) and the methine bridge hydrogens on C(5) and C(15) were allowed to refine freely with a group isotropic temperature factor.
The terminal reliability indices were R = 0.106, i?w = 0.108 for 485 parameters, giving a reflexion/ parameter ratio of 6.41. ^-factors in the range 0.09-0.13 are typical of previous studies on bile pigments, crystals of which display a wide mosaic spread. Weights were given by w = k (cr 2 (F0) + gFo 2 )" 1 , where k and g refined to 4.210 and 0.000561 respectively. The non-hydrogen atom positional parameters are given in Table I , bond lengths in Fig. 4 and bond angles in Table II. Tables of   Table I . Positional parameters ( x 10 4 ) for the nonhydrogen atoms.
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Discussion
The molecular structure is depicted in Fig. 3 . The tetrapyrrole skeleton takes up a "perpendicular" conformation ( Fig. 1) with the planes of the two pyrromethene chromophores at 91.5° to one another. The dihedral angles <5i and (Fig. 1 ) are + 24.3 (for the A and B rings) and -103.0° (for the C and D ring). Inspection of the crystal packing (Fig. 5) shows that the pyrromethene systems of the neighbouring molecules do not stack parallel to one another as is observed in the lattices of bilirubin and mesobilirubin. Dispersion forces between the extended 7i-systems of the planar pyrromethene units would be expected a priori to stabilise a particular conformation in the crystal lattice. The "linear" and "ridge-tile" conformations depicted in 'C(86) 
